INTRODUCTION
In March 1999, cholera appeared in Madagascar after a long hiatus and caused more than 37 000 cases and 2200 deaths. In October 1999, the Cooperative for Assistance and Relief Everywhere (CARE) and the Centers for Disease Control and Prevention (CDC) Health Initiative funded CARE Madagascar to implement a household-based safe water intervention. CARE contracted with Population Services International to socially market a sodium hypochlorite solution, named Sûr'Eau. In February 2000, cholera reached the southern port city of Fort-Dauphin. Sûr'Eau was introduced to the region in December 2000; cholera peaked in January 2001 in Fort-Dauphin. We conducted a case-control study to investigate risk factors for cholera transmission from February 11 to 20, 2001.
Cases were selected from 113 patients registered at the Cholera Treatment Center of Hôpital Philibert Tsiranana. We defined a case of suspected cholera as 3 or more watery stools per 24 hours in a person 12 years or older who was hospitalized at the Cholera Treatment Center between January 1 and February 7, 2001, resided in FortDauphin, and was the primary household case patient. For each case, we selected 2 age-(±5 years), sex-, and neighborhood-matched control subjects from households free of diarrhea during the outbreak. We interviewed patients about symptoms and treatment received and queried patients and control subjects about beverages and foods consumed in the 5 days before the patient's illness. We cultured stool samples from patients at the Cholera Treatment Center.
We analyzed water quality data obtained by CARE from 12 public taps and 61 randomly selected households in December 2000. Samples were tested for free and total chlorine residuals and for Escherichia coli with the membrane filtration technique. 1 We performed univariate and multivariate analysis, including conditional logistic regression, to determine independent risk factors for infection.
We excluded 76 of the 113 patients for the following reasons: not found (24), lived outside of Fort-Dauphin (20), younger than 12 years (17), died (6), incarcerated (5), and secondary cases (4). The median age of the 37 remaining patients was 37 years (range = 12-64 years); 46% were female. Eleven (30%) patients were illiterate, compared with 11 (15%) of the 74 control subjects (P = .09).
The median duration of illness was 3 days (range = 1-7 days). Symptoms included diarrhea (100%), vomiting (78%), and leg cramps (68%). Oral rehydration solution and intravenous fluids were given to 92% of the patients, and oral rehydration solution only was given to 8%. All received doxycycline.
Water sources included a public tap for 78 (70%) of the 111 respondents, household taps for 21 (19%), shallow wells for 10 (9%), and a river or lake for 2 (2%). Of the 106 respondents who stored water, 103 (97%) used a bucket, 2 (2%) a jerry can, and 1 (0.9%) a clay pot. Overall, 52 (49%) covered their water vessel; 100 (94%) removed water from the vessel with a ladle or cup, 4 (4%) removed water by pouring, and 2 (2%) did both. Water sources and handling practices did not differ between cases and controls.
Patients were more likely than control subjects to have drunk untreated water (matched odds ratio [OR] = 5.0; 95% confidence interval [CI] = 1.3, 25.4; Table 1 ). Drinking heated rice water (a traditional drink prepared after meals by heating water with remaining grains of rice) or water from a household tap was protective against cholera (OR = 0.1; 95% CI = 0.0, 0.6 and OR = 0.1; 95% CI = 0.0, 0.9, respectively), whereas drinking cold rice water was not. Using Sûr'Eau or always boiling water tended to be protective (Table 1) . Illness was not associated with consuming lemonade, unwashed produce, cold leftover rice, or foods or beverages from street vendors ( Table 1) . Consuming chicken, eggs, milk, or leftover rice was protective. Using soap to wash hands was protective against illness (OR = 0.2; 95% CI = 0.0, 0.7). In a multivariate model that controlled for the differences in diet between patients and control subjects, illness was independently associated with consuming untreated water or a food or beverage on a trip outside Fort-Dauphin (P < .05). Drinking heated rice water was protective (P < .05). Although the protective effect of Sûr'Eau was not statistically significant in the multivariate model because of small numbers, the estimated effect was highly protective (OR = 0.1), was equivalent in magnitude to rice water, and persisted in different analytic models.
Three stool samples yielded toxigenic Vibrio cholerae O1, biotype El Tor, serotype Ogawa, which was resistant to doxycycline. Nine of the 12 public water taps sampled had free chlorine residuals of 0.2 mg/L or higher; 1 yielded E coli. Of the 61 stored water samples, 9 (15%) had free chlorine residuals of 0.2 mg/L or higher, and 42 (69%) yielded E coli.
In this investigation, we implicated untreated water as the principal vehicle of epidemic cholera in Fort-Dauphin. The community was at risk for waterborne illness despite having access to piped water. Possible reasons for increased risk included inconsistent chlorination of municipal water and domestic storage in wide-mouthed buckets, which permitted hands to touch, and contaminate, stored drinking water.2,3 Not using soap to wash hands increased the risk of cholera. Improving access to narrow-mouthed containers with covers4,5 and to soap would reduce the risk of disease.
Increased access to point-of-use water treatment options also is needed, as evidenced by the protective effect of 3 interventions-rice water; a household tap, which eliminated the need for storage; and Sûr'Eau. The protective effect of Sûr'Eau, although consistently high in different multivariate models, did not reach statistical significance only because of small numbers.
Unlike many investigations,6 this study did not implicate specific food items as risk factors, but the multivariate model did show the risk of consuming foods or beverages during travel outside of Fort-Dauphin. The protective effect of consuming chicken, eggs, or milk, all expensive in Fort-Dauphin, was likely a surrogate for relatively higher socioeconomic status.
In much of the developing world, delivery of consistently disinfected, piped water will remain out of reach for many households in the foreseeable future because of limited resources.7 Inexpensive point-of-use treatment and safe storage interventions that are currently available can reduce the risk of disease now.
